Background. Low anterior resection is associated with a relatively high incidence of postoperative morbidities, including anastomotic leakage and other operative site infections, which sometimes result in postoperative mortality. Therefore, recognition of the incidence and risk factors of postoperative complications following low anterior resection is essential. Methods. Data from the National Clinical Database on patients who had undergone low anterior resection in 2011 and 2012 were retrospectively analyzed. Multiple logistic regression analyses were performed to generate predictive models of postoperative complications. Receiver-operator characteristic curves were generated, and the concordance index was used to assess the model's discriminatory ability. Results. The number of patients who had undergone low anterior resection was 33,411. Seven complications, namely, overall operative site infections except for leakage, anastomotic leakage, urinary tract infection, pneumonia, renal failure, systemic sepsis, and cardiac events, were selected to construct statistical risk models. The concordance indices for the first 2 complications, which were dependent on the operative procedure, were relatively low (0.593-0.625), and the other 5, unrelated to operative procedures, showed high concordance indices (0.643-0.799). Conclusion. This study created the world's second risk calculator to predict the complications of low anterior resection as a model based on mass nationwide data. In particular, this model is the first to predict anastomotic leakage. (Surgery 2017;161:1597-608.) 
anastomotic leakage and other surgical site infections (SSI), which sometimes result in postoperative mortality. 3, 4 Therefore, recognition of the incidence and risk factors of postoperative complications after LAR is essential for both the informed consent provided to the patients and the safe performance of this procedure.
LAR is now an established procedure for rectal cancer treatment, and it is performed widely not only in specialized centers but also in general hospitals in Japan. Therefore, information on postoperative complications using a large, nationwide, prospective database is necessary. In the United States, the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) collects nationwide data from many institutions and uses them to predict postoperative morbidity and mortality. 5, 6 In Japan, the National Clinical Database (NCD), a nationwide project that is linked to the surgical board certification, started patient registration in January 2011.
Risk models using the NCD have been published for various gastrointestinal malignancies, such as esophageal, 7 gastric, 8, 9 pancreatic, 10 and colonic cancers. 11 Recently, a report on risk factors and mortality rates after LAR using data from the NCD has been published. 12 In this study, we aimed to construct a risk model to predict the postoperative complications of LAR using this large, nationwide database.
METHODS
Data collection. The NCD is a nationwide project that was created in cooperation with the board certification system of surgery in Japan in which data are collected from >1,200,000 operative patients each year at >3,500 hospitals where >95% of the operative procedures in Japan are performed. The NCD started in 2011 and includes all cases registered since then. A few institutions missed the registration date in 2011 and registered later, but currently >98% of operative procedures are included in the NCD.
The NCD continuously identifies individuals via a Web-based data management system and can thus ensure data traceability. It also consecutively validates data consistency by randomly inspecting institutions. In the present study, we focused on the NCD section for gastrointestinal operation. The variables and definitions were almost identical to those of the ACS-NSQIP.
The acquired variables included demographic variables (including age, sex, smoking status, and alcohol drinking status) and physical status (including activities of daily living [ADL] and the American Society of Anesthesiologists physical status classification system; pre-existing comorbidities, including cardiovascular, respiratory, renal, hematologic, and oncologic statuses; and whether a preoperative blood transfusion was performed).
The patients' laboratory parameters (white blood cell count, hemoglobin level, platelet count, and serum levels of albumin, total bilirubin, aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, urea nitrogen, creatinine, sodium, hemoglobin A1c, and C-reactive protein) also were included in the analysis. Finally, the postoperative outcomes were acquired, including morbidities and 30-day and operative mortality rates.
All variables and definitions of inclusion criteria regarding the NCD are accessible to participating institutions on the website (http://www.ncd.or.jp/). The website supports e-learning, so participants can upload consistent data. In the present study, we focused on the patients who had undergone LAR, which was defined as a partial or complete proctectomy with anastomosis below the peritoneal reflection, including intersphincteric resection with hand-sewn coloanal anastomosis.
NCD data entry privileges allow people other than physicians to enter the data. As published previously, 13 the department chair entered information in 58% of the departments, a medical information manager entered information in 10.2% of the departments, and a medical administrative assistant did so in 35.1% of the departments. Importantly, to secure data accuracy, either the department chair or a physician designated by the department chair must approve each case for data entry when somebody other than a physician enters the data. The accuracy of the data in the NCD is guaranteed by means of these audit trails.
End point. This study focused on LAR operations performed in Japan between January 1, 2011, and December 31, 2012. Any NCD records that were not included by patients were excluded from this analysis. Records with missing age or sex information were also excluded. The study focused on postoperative complications, including superficial incisional SSI, deep incisional SSI, organ space SSI, anastomotic leakage, pancreatic fistula, urinary tract infection, pneumonia, renal failure, systemic sepsis, central nervous system events, cardiac events, and pulmonary embolism.
SSI was defined according to the Centers for Disease Control guideline (http://www.cdc.gov/ HAI/ssi/ssi.html). Anastomotic leakage was defined as "Cases with bowel content from drainage tube, cases which required drainage of extra-bowel bowel content, or cases in which apparent anastomotic leakage was identified by imaging modalities." All other definitions of complications were defined and accessible to participating institutions on the NCD website (http:// www.ncd.or.jp/).
Statistical analysis. The SPSS software program (version 20; IBM Corp, Armonk, NY) was used for the data analyses. Data from 2011 and 2012 were randomly assigned to 2 subsets that were split 80/ 20, one for model development (training cohort) and the other for validation testing (validation cohort 1). Validation was also performed using the data of 2013 (validation cohort 2). Logistic models of each complication were constructed for data set development using the step-wise selection of predictors with a P value of < .05.
The receiver-operating characteristic curves indicating the test's true positive rate (sensitivity) versus its false-positive rate (1 À specificity) were also created, and concordance indices (c-indices) were calculated as the area under the curve. Greater c-indices indicated better discrimination: a value of 0.5 indicated no predictive discrimination, while a value of 1.0 indicated complete separation of patients with different outcomes. Model calibration (the degree of similarity of the observed and predicted outcomes across different patients) was examined by comparing the observed averages with the predicted averages within each of 4 or 5 equally sized subgroups arranged in increasing order of patient risk.
RESULTS
The risk profile of the study population. The population of NCD patients with rectal cancer who had undergone LAR (n = 33,411) was randomly assigned to the training set (n = 26,811) and the validation set (n = 6,600). As shown in Table I , there were no differences between the 2 data sets with regard to the patient backgrounds and the incidence of each of the complications.
Selection of postoperative complications. Seven complications were selected to construct statistical risk models on the basis of the incidence of complications and the operative mortality rate associated with each complication (Table II) . The complications were divided into 2 categories: related to the operative procedure and unrelated to the operative procedure. SSIs other than leakage, anastomotic leakage, wound dehiscence, and pancreatic fistula were classified as complications related to operative procedures. Because the incidence of the latter 2 complications was quite low (<1%), we constructed risk models to predict the former 2 complications.
Urinary tract infections, pneumonia, renal failure, systemic sepsis, central nervous system events, pulmonary embolism, and cardiac events were classified as complications unrelated to operative procedures. Among these complications, those with an incidence of >0.8% or with a complication-associated mortality of >50% were chosen as candidates for risk model construction. These included the following 5 complications: urinary tract infection, pneumonia, renal failure, systemic sepsis, and cardiac events. Model results. Risk models were developed for the 7 above described complications; the final logistic models with the beta coefficients, P values, odds ratios, and 95% confidence intervals (CI) are presented in Table III . Male sex, difficulty with ADLs, and cardiac disease (past or present) were risk factors in 6 of the 7 complications. The presence of pulmonary disease, such as chronic obstructive pulmonary disease, abnormal serum hemoglobin, hematocrit, and albumin levels, was associated with the occurrence of 5 of the 7 complications.
A past history of cerebrovascular disease, body weight loss, sepsis, cancer (metastatic, recurrent, or disseminated), and elevated serum blood urea nitrogen or creatinine levels were correlated with 4 of the 7 complications. Notably, a past history of cerebrovascular disease was associated with 4 of the 5 complications unrelated to the operative procedure. In contrast, although age, emergency operation, and the administration of steroids were all thought to increase postoperative complications, these were only associated with 1 or 2 complications.
Model performance. C-indices with 95% CIs for each complication in the training and validation cohorts are shown in Table IV Figure 2 demonstrates the calibration of the constructed models. The patients were stratified according to risk, and the predicted and observed incidences were plotted for each subgroup.
DISCUSSION
In this study, 21.8% of patients undergoing LAR experienced postoperative complications. The proportion experiencing SSI without anastomotic leakage and the frequency of anastomotic leakage were both roughly 10%. In this study, the complication rate was roughly the same as that in the ACS-NSQIP, with no significant difference in the frequency of complications between Japan and the United States (Table I ). The risk model for complications in this study was created based on NCD data. A minimum of 95% of LAR operations performed in Japan is registered to the NCD; accordingly, it is thought that this model reflects the operative level of Japan as a whole with relative accuracy.
In the ACS-NSQIP risk model, it is not reported which risk factors predict the risk of individual complications. Therefore, it has not been possible to compare the risk factors between different complications. This study clarified the differences in risk factors for different complications. Age, for example, correlated only with pneumonia and cardiac events, while sex correlated with all complications other than urinary tract infections. Furthermore, hematologic factors were not studied in the ACS-NSQIP; however, this study included hematologic data, and the results showed that abnormal serum albumin and hemoglobin levels, in particular, are related to the onset of many complications. One unique aspect of this model is the fact that it predicts the risk of complications after LAR in combination with various preoperative factors, including hematologic values.
In the creation of the risk model, the frequency of each complication and the mortality rate when complications occurred were used (Table II) to select 7 risk factors thought to be clinically required for each complication. The study created a risk model using the training set and considered the extent to which it could be applied to the validation set. The results indicated that the c-index for the training set was almost identical to that of the 2 validation sets (Table  IV) and that the predicted rate of various complications using the risk model was highly consistent with the actual rate of onset in the validation data from the low-risk group through to the high-risk group (Fig 2) .
The c-index in the risk model to predict anastomotic leakage and SSI without leakage was not particularly high, at 0.623-0.625 in the training set and 0.593-0.654 in the validation set (Table IV) . The reason for this is thought to be that these complications are influenced largely by operative techniques during the procedure, including the washing of the wound and the anastomotic method. Several precedent reports with relatively small numbers of patients demonstrated that preoperative factors, such as sex or obesity, could be predictors for operative technique-associated complications, such as SSI or leakage. [14] [15] [16] Conversely, there are reports that demonstrated that intraoperative factors, such as the number of stapler firings, but not preoperative factors affected the incidence of complications. 17, 18 Therefore, the clinical impact of preoperative factors in SSI and leakage still remains controversial and needs to be elucidated by large, multicenter studies. In the present study, although preoperative factors did show predictive ability for SSI and leakage, the c-indices of the constructed model were not sufficiently high. In the present study, we demonstrated difficulty in perfectly predicting the occurrence of SSI or leakage using preoperative factors in a large, multicenter study.
On the other hand, the c-index for complications not related to the operative method was high. This is thought to be because the occurrence of these complications is largely related to the physical condition of the patient prior to operation, and as such, it is relatively easy to predict these complications using preoperative risk factors. In this study, the c-index for pneumonia, kidney failure, and cardiac complications was 0.794-0.799, indicating a high level of predictive accuracy. The c-indices of ACS-NSQIP for these complications also showed a high predictive accuracy (0.820-0.844). 19 Cardiac complications, in particular, only occurred in a small number of cases---around 0.3%---but they are severe complications accompanied by a 73.7% mortality rate (Table II) . Accordingly, it is thought to be extremely important clinically to be able to accurately predict cardiac complications.
In the ACS-NSQIP, there is no risk model for anastomotic leakage, one important complication of LAR. In this study, however, a risk model was created for anastomotic leakage. As far as the authors can determine, this study is the first to report a statistical model for predicting the risk of anastomotic leakage in colorectal operations. Previous reports suggest an anastomotic leakage rate from 3-13% in rectal operations, 4, [20] [21] [22] [23] and in this study it was 9.7%. Although the mortality rate after anastomotic leakage was low at 3.1%, its occurrence extends the period of hospitalization, and the construction of a stoma may be needed, making anastomotic leakage a severe complication. In this study, male sex, habitual consumption of tobacco and alcohol, history of cardiac arrest, presence of peritoneal metastasis, decreased body weight, low serum albumin levels and other signs of malnutrition or cachexia, anemia, thrombocytosis, and body surface area were risk factors in anastomotic leakage, giving roughly the same results as those reported previously. 3 Most interesting was the fact that the odds ratio of male sex and a history of cardiac arrest were 1.9 and 2.2, respectively, indicating extremely high values among the risk factors. In other words, men are almost twice as likely as women to experience anastomotic leakage, and those with a history of cardiac arrest are roughly twice as likely to experience anastomotic leakage as those without. Male sex has been indicated as a risk factor in many studies, 24, 25 with the contracted pelvis and the impact of hormones thought to affect the microcirculation of the intestine. 26, 27 Furthermore, some reports indicate a relationship between a history of cardiovascular complications and anastomotic leakage. 28, 29 The presence of preoperatively diagnosable peritoneal metastasis also increased the risk of anastomotic leakage (odds ratio = 1.28). Many reports suggest that other risk factors, including the distance between the tumor and the anal verge along with the degree of progression thereof, have an impact on the occurrence of anastomotic leakage 14, 30, 31 ; however, in this study, only data that were confirmed pathologically using tumor-node-metastasis categorization were collated, and neither clinical tumornode-metastasis categorization using preoperative diagnosis nor information regarding tumor localization were available.
Strategies for treating colorectal cancer differ between Japan and Europe/the United States. In Europe and the United States, preoperative chemoradiotherapy is the standard treatment for advanced lower rectal cancer, but in Japan, many facilities utilize total mesorectal excision and lateral lymph node dissection, and preoperative chemoradiotherapy is not generally used. A nationwide report from Japan in 2012 stated that 50.0% of patients with lower colorectal cancer underwent lateral lymph node dissection, while 6.4% underwent radiotherapy after operation. 32 In the present study, the percentage of patients who underwent preoperative chemoradiotherapy was only 2.0%. Assessing whether the risk model developed for one local area is also applicable in other countries is important. We have already conducted an independent study to compare the performance of the risk model and the ACS-NSQIP model, using NCD data including >50,000 subjects; this independent study has already been published in another journal. 33 Although we cannot describe the detailed results to avoid duplicate publication, the essential conclusion was as follows: the odds ratio of each variable displayed similar tendencies between the NCD risk model and ACS-NSQIP, and local risk models could predict local outcomes well. Making predictions using data from another country, however, may be inaccurate because of differences in patients' background characteristics.
Although a comparatively large number of variables were incorporated in these risk models, inputting all these factors is mandatory for the case registration of NCD, and >95% of the operative procedures have been registered to NCD for years. By inputting these parameters preoperatively in the NCD and using the risk model developed in the present study, Japanese clinicians will be able to predict the incidence of postoperative complications preoperatively and utilize it while planning operative procedures or acquiring informed consent from the patients.
This study had several limitations. First, laparoscopy and construction of covering colostomy/ ileostomy may not have been included. The percentage of the patients who underwent laparoscopic operation was 43.8%, and those who underwent simultaneous creation of diverting loop ileostomy was 5.4%. This study aimed to predict postoperative complications prior to operation; therefore, laparoscopic operation and operative techniques, such as a diverting stoma were, not taken into account. It has been reported that laparoscopic colectomy complications, particularly the occurrence of SSI, are less frequent than the predicted frequencies in ACS-NSQIP 34 and that a diverting stoma can reduce the occurrence of anastomotic leakage. 28, 35 Another limitation is the fact that NCD input was left to individual hospitals' discretion; therefore, the criteria for the onset of complications may differ depending on the facility. In other words, some facilities defined complications as Clavien-Dindo category I or greater, whereas other facilities defined complications as category II or greater. 36 In conclusion, this study created the world's second risk calculator to predict LAR complications, a model based on mass nationwide data. In particular, this model was the first to predict anastomotic leakage. This risk calculator is expected to contribute to the evaluation of the risk of future intestinal operations.
